This study aimed to evaluate the use of acacia tannin as a toxic metal adsorbent in the diets of broilers fed with the inclusion of golden mussel meal in substitution for calcitic limestone. In the first trial, 648 male 21-day-old animals were divided among six treatments and six replicates, with 18 birds per experimental unit, organized in a completely randomized design (DIC). The treatments were diets with different acacia tannin levels (0, 250, 500, 750, 1000, or 1250 g ton -1 ). The results indicated that 250 g ton -1 of tannin was not harmful to weight gain, final weight, or feed conversion. Tannin levels caused a decrease in carcass yield and fat deposition and an increase in liver size. For the second trial, 900 male broilers of 21 days of age were used and distributed in a DIC, with different levels of substitution of calcitic limestone by the golden mussel meal (0, 25, 50, 75, or 100 %) and supplementation or not with acacia tannins (250 g ton -1 ), with 5 replicates and each experimental unit being composed of 18 birds. The performance data show that the use of 250 g ton -1 of tannin is detrimental to bone performance and resistance and golden mussel meal can be used to substitute up to 100 % of the limestone in the diets without affecting the variables studied.
Introduction
Among the activities that drive the Brazilian agricultural sector, the poultry industry stands out, largely due to the modernization of the sector, but especially due to its production and supply of large amounts of animal protein in a short time at a low cost. In order to reduce poultry production costs, nutritionists are looking for ways to use ingredients that have low commercial value in feed formulation. The use of exotic organisms, such as the golden mussel, which is a freshwater mollusc from China and South-East Asia, which was accidentally introduced to South America (DARRIGRAN et al., 2012) , might be a viable alternative due to its low economic importance, together with the need to control the population.
According to Bayerle et al. (2017) , the golden mussel (Limnoperna fortunei) presents great potential to be used as food for animals. The processing of this species generates golden mussel meal, which can be used in rations as a source of calcium, since the corporal structure of the species is constituted mainly of calcium carbonate (CaCO 3 ). However, due to its filtering habit, this species has the ability to store contaminants, such as toxic metals, in its body (MARENGONI et al., 2013) , which have a cumulative effect on organisms (LIMA et al., 2015) and on the health of humans and animals (PANDEY; MADHURI, 2014).
Thus, for the golden mussel to be used in animal diets, the effects of the toxic metals that might be present in its body need to be minimized. Tannins are phenolic compounds that have a great sequestering ability, that is, they bind to proteins and polymers, preventing their absorption in the gastrointestinal tract of animals (MARTINEZ, 1996) .
Tannins are classified as water-soluble or condensed tannins. They are polyphenols of vegetable origin, are soluble in water, and have the ability to bind and precipitate various types of amino acids and polysaccharides. The tannins of black acacia are, according to Calegari et al. (2016) , mostly condensed.
According to Nakano et al. (2001) , tannins have considerable capacity to adsorb toxic metals. Thus, the use of tannins as an adsorbent of these contaminants can be a practice used to reduce the contamination of the meat of broilers and, consequently, to avoid food poisoning in humans. However, it is necessary to evaluate the levels of tannin inclusion in broiler rations that does not compromise poultry production, since according to Figueiredo et al. (2003) and Garcia et al. (2005) , tannins might cause changes in the intestinal mucosa of broiler chickens.
Thus, there is a great potential for the use of golden mussel as a source of calcium in broiler diets and due to the possible contamination with toxic heavy metals, there is a need to use an adsorbent, thus making the use associated with acacia tannin a good alternative. This experiment was therefore developed with the objective of evaluating the use of acacia tannins as an adsorbent of toxic metals in broiler feeds with different levels of inclusion of the golden mussel meal to replace calcareous limestone in the diets.
Material and Methods
Two experiments were carried out in the experimental aviary at the State University of the West of Paraná, UNIOESTE. All procedures were authorized by the ethics committee on animal experimentation and practical lessons of Unioeste, under the protocol number 56/13. For the first experiment, 648 male broilers of the Cobb 500 lineage from 1 to 21 days of age received water and feed at will, which was formulated (Table   1) to meet the nutritional requirements of birds. At 21 days of age, the birds were individually weighed and distributed in the experimental units in a completely randomized design (DIC), with six treatments and six replicates, totaling 36 experimental units, each with 18 birds and an average weight of 911.5 ± 3.9 grams. The treatments consisted of diets with increasing levels of black wattle tannin (Acacia mearnsii) (0, 250, 500, 750, 1000, and 1250 g ton -1 of tannin with 72 % tannic acid). At 42 days of age, all birds and rations were weighed to determine the final weight (FW), weight gain (WG), feed intake (FI), and Feed conversion rate (FCR) and two birds per experimental unit were slaughtered to determine the carcass yield, cut yield (chest, thigh, drumstick and wing), and the relative weight of the abdominal fat and liver.
For morphological evaluation of the duodenum, 4 cm of the distal portion of the duodenum was collected. The portions of the duodenum were opened and histological sections and slides were prepared. The image capture of the slides was performed using an optical microscope. The measurements of villi and crypts were taken and from these values the mean height of the villus, depth of the crypt, and the vilo:crypt relationship were determined.
To statistically evaluate the effect of the use of acacia tannin on the variables an analysis of variance was performed, followed by the Dunnett test and polynomial regression analysis with the aid of the Statistical Analysis System, SAEG.
In the second experiment, 900 male 21-day-ofage broilers were used and distributed across 50 experimental units, consisting of 18 birds each, with a mean weight of 959.67 ± 3.66 grams, housed in a DIC two factorial scheme (5, 25, 50, 75 , 100 %) of dietary fiber (Table 2) , and one of the factors was supplementation (250 g ton -1 ) or not with acacia tannin in the diet (Table 2) . Calcitic limestone was substituted by golden mussel meal in the feed, totaling 10 treatments with five replicates each. Golden mussels were collected from the Itaipu Binacional reservoir, in Tanks-net, located in the biological refuge of the municipality of Santa Helena, PR. The mussel shells were ground (4 mm) and samples of the obtained meal were sent for the analysis of dry matter, crude protein, and mineral matter. In the Laboratory of Environmental and Instrumental Chemistry, analyses were also performed for the quantification of the toxic metals, chromium (Cr), cadmium (Cd), and lead (Pb), and also calcium (Ca), using nitroperchloric digestion and the technique of Flame Atomic Absorption Spectrometry, flame mode (FAAS), to determine the levels. Phosphorus (P) determination was performed using visible ultraviolet (UV-VIS) spectrophotometry.
The slaughter and tissue collection procedures and determination of the variables FI, FW, WG, FCR, carcass yield, breast, leg, wing, and relative fat, liver, and kidney weight were performed according to the methodology described for the previous experiment.
The thigh and chest were boned to obtain tibia and breast meat, respectively. The left tibia was weighed on a semi-analytical scale and the length was measured with a digital caliper and the Seedor Index given by the ratio of the bone weight (mg) to its length (mm) was calculated to determine the bone density. To determine the bone strength, the Brookfield CT3 Texture Analyzer was used, and the values were expressed in kilograms of force (kgf).
Chemical analyses were performed on the liver, kidneys, breast meat, and tibia for the quantification of the toxic metals, Cr, Cd, and Pb, and Ca and P in the tibia, which were performed according to the methodologies mentioned above.
Blood samples were also collected from the chickens at 42 days of age. The blood was centrifuged for serum separation, followed by serum Ca analysis using the Elitech Flexor EL 200 automatic biochemical analyzer.
A variance analysis was performed to verify the effects of the levels of substitution of calcitic limestone by golden mussel meal. A polynomial regression was used at the 5 % significance level and an F test was used to evaluate the effect of acacia tannin, at the 5 % level of significance.
Results and Discussion
The use of 250 g ton -1 of acacia tannin did not result in changes in the FI, FW, or WG of the birds compared to the control ration (Table 3 ). The above inclusion of this amount negatively affected the FI and WG of the birds, however, for FCR, inclusion of up to 750 g ton -1 of acacia tannin produced values similar to those of the control ration, whereas inclusion above 1000 g ton -1 worsened the conversion of the chickens. Evaluating the inclusion levels of acacia tannin revealed there was a linear decreasing effect (P < 0.05) for the FI, FW, and WG, however the FCR presented an increasing linear effect (P < 0.05).
These results indicate that an increase in acacia tannin reduces the growth of the birds, with the best performance achieved with the lowest level of tannin studied (250 g ton -1 ). The decrease in poultry performance caused by increasing tannin levels might be explained by the fact that this compound is able to precipitate proteins and inhibit digestive enzymes (CHUNG et al., 1998) .
The decrease in bird performance corroborates the results reported by Moyle et al. (2012) who used diets containing tannin from the lespedeza plant and observed a decrease in bird weight and an increase in FI with worsening FCR.
The carcass and overcoat yields presented a linear decreasing effect (P<0.05) of the inclusion of acacia tannin (Table 4 ). The lower performance of the birds observed in the field was reflected in the carcass yield, since the higher the weight of the birds at slaughter, the better the carcass yield.
Tabela 4. Carcass, breast, thigh, drumstick, wing, and relative fat and liver weight in broilers fed different levels of inclusion of tannin from 21 to 42 days of age. Values followed by different letters in the same column differ from the control treatment at the 5% level of significance; CV = Coefficient of variation (%).
The carcass yield data corroborate the results of Garcia et al. (2005) , who observed a decrease in the carcass weight of birds fed high tannin sorghum in compared to low tannin sorghum, however, there was no difference in the other cuts of the carcass. Carolino et al. (2014) also found that the use of sorghum grain with tannin did not influence the carcass yield.
The use of acacia tannin resulted in a lower abdominal fat deposition in birds slaughtered at 42 days of age, presenting a linear decreasing effect (P < 0.05). This lower deposition is probably related to the agglutination of the tannin to the nutrients in the diet, which caused a worse performance and consequently leaner carcasses. Thus, Ramos et al. (2006) , working with cashew pulp in the feeding of broilers, also obtained a tannin effect on fat deposition. The ability of condensed tannins to form complexes with enzymes might be the cause of the lower deposition of adipose tissue in the abdomens of the birds, since these impair the use of dietary lipids (CHUNG et al., 1998) .
The use of acacia tannin provided a quadratic effect (P < 0.05) on the relative weight of the liver at 42 days of age, with the highest weight of this organ observed with the inclusion of 896.75 g ton -1 of tannin. Moyle et al. (2012) observed that when using 20 % sericea lespedeza, a tannin rich grass, the relative liver weight increased compared to the control diet. The liver can be affected by the toxic effect of tannin, since it is responsible for coagulation factors, and also since it is the primary source of several serological metabolites including urea, albumin, and glucose (SILVA et al., 2011) .
The inclusion levels of acacia tannin at 42 days of age did not have a significant effect (P >0.05) on the measures of villi height and crypt depth for the duodenal region, nor did the use of tannin influence the relationship vilo:crypt for this same segment (Table 5 ). The use of tannin in diets of broiler chickens generally compromises poultry performance as a result of the absorption capacity of the gastrointestinal tract being impaired by this substance. According to Mansoori et al. (2015) , condensed tannins can decrease the absorption of nutrients through the intestinal wall, which is due to metabolic phenomena that inhibit the performance of enzymes present in the digestive system. Nyamambi et al. (2007) , in a study with high tannin sorghum of different species and levels of utilization in relation to maize in the diets of broilers, also observed that the villus height and depth of the intestinal crypts of the duodenum were reduced with increasing levels of tannin in the diet, however this effect was not observed in the present study.
The chemical composition values of heavy metals in the golden mussel are presented in Table  6 . The calcium content obtained from the mollusc is considered good when compared to other similar sources of calcium, as is the case with oyster meal, and it is attractive since, according to Rostagno et al. (2017) , oyster meal contains 36.4 % calcium.
The presence of Cd and Cr in the golden mussel meal used in the present study was not detected. The concentration of lead was 0.46 mg kg -1 , remaining within the allowed maximum that is of 2.00 mg kg -1 , however, the cumulative effect of the heavy metals can be a problem when consumed in large quantities or for extended periods. Table 6 . Chemical composition and levels of heavy metals of the golden mussel harvested from the surface of the water column.
Calcium (%)
Phosphorus (%) Cadmium (mg kg -1 ) Chromium (mg kg -1 ) Lead (mg kg -1 ) 30.55 0.38 0.00 0.00 0.46
The low concentrations of heavy metals in the golden mussel can be explained as a function of the harvesting site, which was removed from tank nets and arranged on the surface of the water column, since, according to Marengoni et al. (2013) , the concentration of metals in the sediments is higher than that found in the water column.
There was interaction between the factors (P<0.05) only for feed consumption from 21 to 42 days of age only when the levels of 25 and 50 % of limestone replaced by mussel meal were fed for the broilers that received tannin-containing diets. In other levels of substitution, consumption was similar among birds fed or not fed tannin (Table 7) . However, for tannin diets and for diets without supplementation, there was no significant adjustment of the models for the effect of the replacement level of calcitic limestone with golden mussel meal. When comparing tannin addition and non-tannin treatments at each mussel level, the treatment without the addition of tannin was superior for 25 and 75 % of limestone replaced by golden mussel. The Ca present in the golden mussel presents the same properties of that present in the calcitic limestone, and this is due to the fact that the two ingredients are formed by the same material, calcium carbonate (CaCO 3 ) and according to Reece (2017) , the Ca present in the Ca carbonate has high solubility, therefore, its particles are more readily available than the present in the cereals, thus increasing the absorption capacity.
Evaluation of the feed consumption in this study revealed that the Ca in golden mussel was adequate for the levels required by the animals, since a diet deficient in this mineral would cause an increase in the food intake, and an excess could cause a reduction, due to the low Ca palatability, which would reduce feed intake (VARGAS JUNIOR et al., 2003) .
However, the use of acacia tannin at the level of 250 g ton -1 was not influenced by the use of gilt mussel instead of calcitic limestone (P > 0.05) influenced both variables negatively. The FCR results of 21 to 42 days of age were not influenced by the treatments used in this work.
The performance of the birds could be affected in the treatments with the addition of tannin due to the factors mentioned by Silva et al. (2009) . a decrease in palatability of food and voluntary intake, a reduction in the digestibility of protein, carbohydrates, starch and lipids, and mainly an inhibition of some enzymes present in the digestive tract.
A significant interaction was verified for the wing and leg yield (P < 0.05) ( Table 8 ). Analysis of the interaction of these variables revealed there was a linear effect (P < 0.05) on leg yield when the birds were fed diets without tannin, in which, as the percentage of limestone replacement by mussel was increased, the leg yield reduced. However, for the broilers that received diets supplemented with tannin, the effect of inclusion levels of mussel meal was quadratic (P < 0.05), and a better leg yield with 35.80 % replacement was estimated. As for the wing yield, it was not possible to adjust the polynomial equation as a function of the levels of mussel meal when the birds received a diet without addition of tannin. However, for the chickens that received this additive in the diets, the wing yield was influenced in a quadratic manner, estimating a better value with 17 % replacement of the calcitic limestone. Using an F test to analyze the variables within each substitution level demonstrated that the yield of legs increased yield of non-addition of tannin to the levels of 0 and 100% of limestone per golden mussel and the yield the wings decreased with the replacement of 100 % of limestone with mussel without the addition of tannin. Table 8 . Carcass, breast, leg and wing yield values of broilers submitted to diets with different levels of limestone replacement per golden mussel and addition or not of tannin in the diet from 21 to 42 days of age.
Golden mussel levels

Carcass (%)
Breast ( There was no interaction between the factors for carcass and chest yield and relative fat, liver, and kidney weight (P > 0.05). Likewise, no effect of the limestone replacement level by mussel was observed on these variables (P > 0.05). However, the addition of tannin had a negative effect on carcass yield and the relative weight of the kidneys (P < 0.05), (Table  9 ) without influencing the breast yield and relative fat and liver weights (P > 0.05). Similar results were reported by Garcia et al. (2005) , who, working with birds fed low tannin sorghum, found a decrease in carcass weight, but no difference for the other cuts. However, Torres et al. (2013) reported that the use of low tannin sorghum did not have a significant effect on the carcass yield and cuts, as observed by Carolino et al. (2014) , however they used high tannin sorghum in the evaluated diets.
Some effects, such as the inhibition of enzymes in the gastrointestinal tract, changes in cellular metabolism, and complexation with metallic ions might compromise some organs, such as the liver and kidneys, which act as filters in the body.
Analysis of the results of P, Ca, and ash in the bones at 42 days of age (Table 10 ) revealed that only ash showed an interaction between the factors studied (P < 0.05). By performing data splitting and evaluating the effect of the level of substitution of calcitic limestone with golden mussel meal within the factors alone, it was possible to observe that, independently of the factors studied, there was no significant adjustment of the studied models.
There was no effect of the substitution levels on the other variables evaluated (P >0.05), however, the addition of tannin produced an increase in the P level in the bones (P <0.05) compared to the diets without tannin. These results demonstrate that the Ca and P availability of the sources used in the diets did not influence the deposition of Ca, P, and ash in the bone structure of the birds in the growth phase, that is, from 21 to 42 days of age.
For serum Ca levels, there was a significant effect of the replacement levels (P >0.05). Evaluating the effect of the level of substitution of calcitic limestone with golden mussel meal within the factors alone, demonstrated that a quadratic model was the best fit, with the lowest concentration of serum Ca at the 65.89 % inclusion level of golden mussel. To maintain the serum Ca concentration as it decreases, the organism rapidly initiates the process of mobilization of bone Ca to raise plasma Ca levels to normal (VARGAS JUNIOR et al., 2003) . Table 10 . P, Ca and ashes in natural matter in bones and calcium in broilers fed diets with different levels of limestone replacement by golden mussel and addition or not of tannin in the diet from 21 to 42 days of age. Values followed by different letters in the same line differs on F test at the 5% level of significance; CV= Coefficient of variation (%).
Golden mussel levels
The results for the Seedor Index showed an interaction (P <0.05) between the tannin and golden mussel factors (Table 11 ). By dissecting this interaction, a linear decreasing effect of the levels of limestone replacement by the mussel meal for the diets without tannin was revealed, however, for the diets with tannin addition, the adjustment was linearly increasing. Table 11 . Seedor index and bone resistance (kgf) of broilers submitted to diets with different levels of limestone replacement by golden mussel and addition or not of tannin in the diet from 21 to 42 days of age. Values followed by different letters in the same line differs on F test at the 5% level of significance; CV= Coefficient of variation (%).
The results of bone resistance were not influenced by the level of mussel meal, and it was possible to replace 100 % of the calcitic limestone in the rations without affecting the bony quality of the birds. The Ca is present mainly in the bones, which represents from 98 to 99 % of all the Ca found in the organism (VARGAS JUNIOR et al., 2003) .
In the analysis of toxic metals (Cd, Cr, and Pb) in the breast meat, bones of the tibia, and organs (liver and kidneys), the presence of these metals was not detected and it was not possible to evaluate the adsorbent effect that the tannin should have on the metals at the levels tested in this study (0, 250, 500, 750, 1000, and 1250 g ton -1 ). It should also be noted that the lack of metals makes it possible to safely use the birds for human consumption.
It should be noted that the golden mussel has low or no cost and its use in animal feed is an alternative destination for these invaders, reducing the use of mineral limestone, and resulting in a reduction in environmental impact.
Conclusions
The golden mussel harvested from the surface of the water column can be used in the form of flour as a source of calcium for broilers from 21 to 42 days of age, replacing up to 100 % of the calcitic limestone. The use of acacia condensed tannin (Acacia mearnsii) at a level above 500 g ton -1 of inclusion in the diet as a sequestrant of heavy metals in the golden mussel negatively affects the performance of the birds. The use of the golden mussel containing low concentrations of toxic metals does not cause contamination of the carcass and bird organs. It was not possible to observe the adsorbent effect of the acacia tannin on toxic metals at the concentrations used in this study.
